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Ranking the criteria for autonomous vehicle ==
adoption from different stakeholders’
viewpoints with a grey AHP model
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Abstract

Evaluating the implementation and adoption perspectives of new technologies requires a sophisticated decision-
making process. Moreover, multiple groups of stakeholders can be involved in the process, and their aspects
should be considered by a decision support methodology. Therefore, this study employs the Grey Analytic
Hierarchy Process (grey AHP) to rank the criteria for autonomous vehicle (AV) adoption from various stakeholders’
perspectives, such as users, legislators, operators, and manufacturers. The Grey AHP, which integrates grey system
theory with the traditional AHP to model uncertainty with interval-based judgments, provides a more robust
framework for capturing the variability in expert evaluations. The comprehensive approach of the study integrates
EU-based stakeholders' viewpoints, thus providing a balanced framework for understanding the complex trade-
offs involved in AV adoption while considering the possible vague evaluations by using grey sets. The analysis
reveals that safety is the paramount criterion across all stakeholder groups, as evidenced both by its emergence
as the top-ranked factor and by the high combined weight of safety-related criteria. The user group indicates
higher willingness and desire reduced fuel consumption and in-vehicle travel time, while ignoring reduction in
insurance. For manufacturers, increase in safety criterion stands out, making it by far the most influential factor
compared to all other criteria. Similarly, for legislators, increased vehicle and passenger safety criterion emerges as
the most influential criterion. In the overall assessment of the results aiming to guide the future development of
AV technology, a holistic approach is necessary prioritizing safety, reliability, and affordability, while also addressing
emerging issues, such as data privacy and cybersecurity.
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1 Introduction

Recent advances in artificial intelligence and 5G have
accelerated the implementation of autonomous vehicles
(AVs). Although fully autonomous traffic [30] will be
deployed in the future, the current autonomous driving
technology has already realized some features [31]. Fol-
lowing the SAE classification [42] we consider the three
primary actors of driving (human, driving automation
system, other vehicle systems and components) when
defining the automation levels. Based on the classifica-
tion six levels of automation are defined, namely LO: no
driving automation, L1: Driver assistance, L2: Partial
driving automation, L3: Conditional driving automation,
L4: High driving automation, and L5: Full driving auto-
mation. This approach should be applied in the survey
design and criteria selection as well as the presentation of
the survey objectives to the respondents.

The current paper specifically focuses on AV adoption
forecasting and its most significant influential factors
[34], which is strongly based on expert knowledge but
still exposed to subjectivity concerns [44] mainly due to
the uncertain projection of adoption trends of other tech-
nologies and sales estimates. The proposed model, which
is capable of dealing with uncertainty of expert responses
can improve forecasting efficiency [26]. Throughout the
whole paper, the term ‘implementation’” is used in the
sense of adoption of AVs.

The process of AV adoption can be accelerated or
decelerated by certain criteria and conditions [16] as
well as the motivation of some stakeholders involved
in the AV industry. A research gap arises when explor-
ing the criteria that might support reaching the totally
automatically controlled traffic stage (L5). Since multiple
parties (manufacturers, operators, legislators, and users)
are involved in this industry and their motivations can be
varied [19], the majority of the stakeholders’ viewpoints
should be examined, and various objectives must be syn-
thesized and cautiously handled.

The preference scoring should be approached in a
sophisticated way because of the uncertainty related
to future perspectives [55] and the flexible interpreta-
tion of the scale used for scoring. Converting the verbal
scale of the traditional Analytic Hierarchy Process (AHP)
to crisp numbers is especially difficult when it comes to
forecasting [17] and when several evaluators struggle to
find the correct score of their intentions. This imbalance
is often implicit because the participants do not mention
it during the survey process; however, ex-post checks
reveal that the evaluators were uncertain when selecting
a score from the scale [47]. Consequently, the traditional
AHP with crisp numbered scale might lead to flawed
and untrustworthy outcomes in case of predictive sur-
veys. All these arguments lead to the application of grey
methodology and the creation of a specified grey model
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to investigate the AV criteria from different stakeholders’
perspectives.

By employing the Grey Analytic Hierarchy Process
(grey AHP) to rank the criteria for AV implementation
from different stakeholders’ viewpoints, this study offers
several key contributions that address existing meth-
odological gaps and enhance the analytical depth of AV
evaluation research:

« First, the study strengthens the methodological
background by clarifying the limitations of
traditional AHP and motivating the adoption of
grey AHP. While traditional AHP has been widely
used in the literature (e.g., [19]), its reliance on
crisp numerical judgments restricts its ability to
reflect ambiguity, subjective evaluations, and group
decision-making complexities. This study introduces
a grey AHP-based framework that integrates grey
system theory with the hierarchical structure of
AHP, enabling interval-based representations of
the judgments that more accurately capture the
uncertainty inherent in stakeholder evaluations.

+ Second, the study develops a comprehensive
multi-stakeholder evaluation model encompassing
manufacturers, operators, legislators, and users. The
grey AHP approach allows subjective and possibly
inconsistent opinions from different stakeholders
to be integrated more flexibly and realistically than
in traditional AHP. By incorporating preference
diversity and uncertainty, the model provides a more
holistic understanding of the multidimensional
factors shaping AV adoption. This aligns directly
with the research questions of the study, which focus
on identifying how different stakeholder groups
prioritize AV implementation criteria and which
criteria emerge as universally influential across these
groups.

+ Third, the study introduces an enhanced preference
aggregation mechanism capable of supporting
more adaptive and forward-looking decision-
making. Given the rapid and uncertain evolution
of AV technologies, the grey AHP model offers
policymakers a more robust decision-support
structure compared to crisp evaluation tools. The
ability to accommodate uncertainty in judgments
enables policymakers and industry actors to better
anticipate technological shifts and to design flexible
strategies for the transition toward higher levels of
autonomy.

« Finally, the proposed model enables both holistic
and granular assessments of AV implementation.
Each stage of the evaluation can be examined
separately for each stakeholder group and for
each sub-criterion, providing deeper insight into
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where perceptions and priorities diverge. The
model’s structure allows decision-makers to target
high-impact areas for improvement rather than
relying on broad, undifferentiated interventions. By
capturing the grey relationships between criteria,
the framework supports more nuanced policy
development and contributes to a more strategic and
sustainable pathway toward large-scale AV adoption.

Based on the contributions presented above, the follow-
ing research questions are aimed to be answered by the
research.

QI1: How does the created grey AHP model sophis-
ticate the results of the traditional AHP methodology?
What is the main difference in preference rankings of the
AV implementation items in the two models?

Q2: According to the results of the proposed grey AHP
method, what are the priorities of the different stakehold-
ers of the AV industry?

Q3: What conclusions could be drawn and what rec-
ommendations be made based on the presented indus-
trial survey?

The following section reviews the relevant literature
on AV implementation criteria, potential stakeholder
groups, and the application of grey models in expert
surveys, particularly for prediction-based decision-mak-
ing. Next, the grey AHP methodology and the proposed
model are introduced to systematically prioritize the
criteria from multiple perspectives. The subsequent sec-
tions present and analyze the results of a recent survey in
detail, followed by a discussion on the implications of the
findings and a conclusion addressing the contributions of
the applied model to the AV industry.

2 Literature review

2.1 Models for the criteria and stakeholders’ objectives
The basic assumption of this research is that the per-
spectives of the AV development can be determined in a
group decision analysis [7] involving relevant stakehold-
ers. These groups’ preferences reflect industry needs and
potentials while highlighting the most important factors
fomenting the progress [32]. Multi-criteria decision-
making (MCDM) techniques designed for groups of
evaluators are suitable tools to map group preferences
and compare stakeholder weightings [48]. In scientific
literature, there are some examples applying MCDM
to analyze several segments of the AVs. For example,
Ghoushchi et al. [15] investigate how the efficiency of
AVs can be increased by the integration of artificial intel-
ligence and Internet of Things. Targeting the risks con-
nected to self-driving vehicles, Bakioglu and Atahan, [2]
apply a Pythagorean fuzzy set-based model to prioritize
the threats connected to eliminating human driving skills
from transportation. While Dogan et al. [5] analyze the
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location selection of automated vehicles by a fuzzy AHP
and Technique for Order of Preference by Similarity to
Ideal Solution (TOPSIS) model. However, these papers
shed light merely on a specific segment or problem of the
AV industry; thus, an integrated approach can be identi-
fied as a gap in scientific literature.

A more integrated survey [38] analyzes the barriers to
the adoption of automated vehicles by using grey sets in
their model and involving several academic experts and
manufacturing representatives of the market. Hamadneh
et al., [19] apply an integrated view with the involvement
of four stakeholder groups, among others the users, to
analyze the importance of some objectives and criteria
of the AV industry. However, the potential risk of gain-
ing untrustworthy responses from the evaluators of the
survey is not considered, and fuzzy or grey sets are not
applied to mitigate the uncertainty in scoring.

Thus, there is a lack of the classic demand side where
the potential AV users’ preferences are extensively exam-
ined in an integrated way. Therefore, a research gap for
an integrated, multi-stakeholder decision-making-based
survey using a grey model targeting the future perspec-
tives of the AV industry can be identified. Table 1 below
provides clearer evidence of the research gap identified in
the preceding discussion by providing a concise overview
of the studies summarized, along with other relevant
research related to the AV industry conducted over the
past five years. For each study, the table briefly presents
the main research focus, the methodology employed, and
the number of stakeholders involved.

2.2 Stakeholders involved in the AV sector

Listed criteria sets in the studies for the AV implemen-
tation are probably differently evaluated by the various
stakeholders, it is suggested to provide an overview of
the potential groups involved in the industry on both the
supply and demand sides. Tengimoglu et al. [45] propose
involving manufacturers, technology developers, and
service providers from the supply side, while local and
national authorities as well as academic institutions from
the demand side. However, the users’ perspectives are
missing in their research.

Simultaneously, there are numerous surveys [18, 39]
targeting the user side of AVs aiming to map the percep-
tions of the public. The users’ aspects are essential; how-
ever, merely an integrated stakeholder analysis can reflect
the perspectives of the industry as a whole. Moreover, the
participants’ motivation and interests in the transporta-
tion sector are often different [9, 20]; thus, they need to
be synthesized to gain a sectoral consensus in the pos-
sible amelioration of transportation systems.

Consequently, in current paper, four stakeholder
groups with different objectives are involved to evalu-
ate the importance of various criteria related to the
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Table 1 Overview of the literature related to the AV industry
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Reference Short topic Method # of Stakeholders
Dogan et al, [5] Location selection of AV Fuzzy AHP, TOPSIS 1
Raj et al, [38] Barriers to the adoption of AV Grey DEMATEL 1
Bakioglu and Atahan, [2] Risks in self-driving vehicles Pythagorean fuzzy AHP, TOPSIS, VIKOR 1
Jiang et al,, [25] City readiness for AV AHP 6
Farrag etal, [11] Adoption of AV PROMETHEE, AHP 1
Jalwani and Choudhury, [24]  Barriers to the Adoption of AV DEMATEL 1
Gamal et al, [13] selection of an intelligent AV MEREC, CoCoSo 1
Shahedi et al,, [43] Barriers to the adoption of AV RBWM, IR-MABAC 1
Ullah et al,, [46] Barriers to Policies for Shared AV F-AHP, F-TOPSIS 1
Ghoushchi et al,, [15] Efficiency of AVs F-LMAW, FF-WASPAS 1
Verma and Rastogi, [48] Perceived Transit Service Quality Attributes Fuzzy-AHP 4
Duleba et al, [10] Evaluate Perspectives of AV industry FBW, AHP 4
Hoveidafard et al., [22] |dentification of Stations for AV AHP. TOPSIS 1
Hamadneh et al,, [19] Stakeholder viewpoints analysis of AV AHP 4
This paper Robust criteria evaluation for AV by different stakeholders  Grey AHP 4

perspectives of the AV industry where some representa-
tives of the manufacturers, users, legislators, and opera-
tors participate in the survey.

2.3 Criteria influencing the AV industry

AV can be considered and evaluated as any other trans-
port mode. Travelers require reduced travel time [8, 49,
53] and mitigated transportation costs both from the
supply and demand side [37, 49], while increased travel
comfort [50] and travel safety [29] are crucial, as well.
The environmental impact of AV belongs to the tradi-
tional evaluation criteria because the decreased total
CO2 emission is a fair expectation from this new form of
mobility [54]. Spared parking time when using AVs can
be another issue that affects the travelers’ satisfaction [3].
Considering the enhanced data turnover connected to
AV, data privacy [33] and cybersecurity [27] are essential
criteria to be considered for all stakeholders.

As detailed in the previous sections, numerous studies
have explored AV implementation criteria from differ-
ent perspectives. Some of these studies have conducted
separate evaluations for various stakeholder groups [4,
12, 19], while others were dealing with the intention to
use AVs in developed and developing countries to better
understand user perceptions [52]. However, apart from
these few works, there remains a significant gap in the lit-
erature regarding the integrated and holistic assessment
of these criteria across all stakeholders.

Among them, Hamadneh et al., [19] stands out as the
most comprehensive study, systematically organizing AV-
related criteria into main categories and sub-criteria con-
sidering the perspectives of multiple stakeholders. This
structured approach makes it an essential reference for
the current research. However, while their study offers
a well-defined criteria set, it does not employ advanced
decision-making methodologies capable of handling

uncertainty, subjective judgments, and group decision-
making complexities that are relevant and critical aspects
in AV adoption analysis.

By incorporating grey AHP into the evaluation of these
criteria, the present study extends the contributions of
Hamadneh et al, [19] by addressing the inherent ambi-
guities, expert uncertainties, and overlapping decision
factors that exist in real-world AV adoption scenarios.
This approach enhances the precision and adaptability
of prioritization, allowing for more nuanced insights into
the relative importance of different criteria across diverse
stakeholders.

The selected criteria, presented in Table 2 derived from
the study of Hamadneh et al., [19], were deliberately cho-
sen from well-established and widely adopted criterion
sets in the AV literature to ensure both conceptual valid-
ity and methodological comparability with prior studies.
By grounding the analysis in a recognized and previously
validated set of criteria, this study enables meaningful
cross-study comparisons and avoids the introduction
of ad hoc or context-specific indicators that could limit
generalizability. At the same time, employing this familiar
benchmark allows the proposed grey AHP framework to
be flexibly extended and rigorously tested, demonstrating
its ability to capture uncertainty and stakeholder subjec-
tivity more effectively than traditional approaches.

Building upon this foundation, the proposed frame-
work is inherently designed to accommodate the inclu-
sion of additional criteria or alternative decision-making
methods when applied to different problem contexts and
decision scenarios. Such modularity enables the model to
be flexibly adapted without compromising its structural
integrity or analytical rigor. As a result, policymakers and
decision-makers are not constrained by a fixed or pre-
scriptive evaluation structure; instead, they can derive
context-specific model configurations tailored to their
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Table 2 Stakeholders' objectives and criteria for AV implementation
St. Obj. Sy. Criterion Symbol St. Obj. Sy. Criterion Symbol
USERS Optimizing U1 Reductioninthe  U1C1 LEGISLATORS Decreasing L1 Reduction L1C1
the travel in-vehicle travel the expendi- in damages
time time tures on infr. caused by traffic
maintenance accidents
Increased multi- ~ U1C2 Increased ef- L1c2
tasking on board ficiency of the
existing road
network
No parkingtime ~ U1C3 Minimizing the L2  Increased L2C1
money spent vehicle and pas-
on the health senger safety
sector
Acceptable wait-  U1C4 Mobility for L2c2
ing time elderly people
Minimizing U2 Reductioninthe  U2C1 Passive health L2C3
the travel fuel consumption monitoring
cost
Reduction in u2c2 Protectingthe L3  Reductionin L3C1
the vehicle environment emissions
maintenance
Reductioninthe  U2C3 Reduction in L3C2
insurance noise
Increas- U3 Informationand  U3C1 Efficientuse of  L3C3
ing the guidance land use
perceived
comfort
when
traveling
Availability of ICT ~ U3C2 Efficientuse of  L3C4
tools on board fuel
Reliability of travel U3C3 Assuring L4 Harmonization  L4C1
time interoperability of laws
Respecting U4 Data privacy uact across borders Technical L4C2
user rights standards
Cybersecurity u4c2 Defining L5 Theaccountabil- L5C1
responsibilities ity and liability
among the of malfunction
actors
Increasing U5  Reduction in UsC1 The account- L5C2
the travel vehicle accidents ability and liabil-
safety caused by the ity of accidents
malfunction of caused by other
PSAV vehicles
Reductioninac-  U5C2 Policies to pre-  L5C3
cidents caused by vent technology
regular cars with monopoly
PSAV
Easeof use U6 Nodriving license U6C1 Increasing social L6  Creation of L6C1
welfare new career
opportunities
Accessibility ueC2 Fairness and LeC2
transparency
OPERATORS Increas- 01 Optimized supply 01C1 Ensuring user L7 Data privacy L7C1
ing the data privacy
revenues and system
security
Efficient use 01C2 Data ownership  L7C2

of the existing
infrastructure
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Table 2 (continued)

St. Obj. Sy. Criterion Symbol Obj. Sy. Criterion Symbol
Decrease in 01C3 Cybersecurity L7C3
the number of
accidents

Multi- 02 Connectivity with  02C1 Increasingthe L8  Creation of L8C1
modal other modes GDP new career
integration opportunities
Increased 02C2 Increased L8C2
accessibility accessibility
Increased mobility 02C3 Increased L8C3
mobility
Increas- 03 Clear regulatory 03C1 Land use L8C4
ing the rules development
efficiency Demand 03C2 MANUFACTURERS
of theTs management
MANUFACTURERS  Provid- M1 Optimized travel ~ M1C1 Maximizing the M3 Innovationand  M3C1
ing user time revenues development
benefits
Minimized travel ~ M1C2 Increased M3C2
cost reliability of the
vehicles
Increased per- M1C3 Sufficient supply M3C3
ceived comfort
when traveling
Ease of use M1C4 Increased usage M3C4
of PSAV
Increasing M2 Increase in safety  M2C1 St. : Stakeholder
the trust of Obj. : Objective
users Sy. : Symbol
Data privacy M2C2
Cybersecurity M2C3

particular policy objectives, regulatory environments,
or stakeholder priorities. This adaptability significantly
enhances the practical applicability of the framework,
allowing it to function as a transferable and customizable
decision-support tool across diverse AV-related policy
and planning problems.

3 Methodology

In this section, the methodological foundations of the
proposed evaluation approach, alongside the essential
characteristics of the decision problem, are presented in a
comprehensive manner. The first subsection outlines the
identification, roles, and influence levels of all relevant
stakeholder groups, thereby establishing the contextual
environment in which the decision problem emerges.
The second subsection provides a detailed articulation
of the core decision challenge, including its operational
boundaries, underlying assumptions, and the practical
implications motivating the need for a structured assess-
ment framework. The third subsection elaborates on the
hierarchical organization of the decision objectives and
the corresponding evaluation criteria used to guide the
analysis. This part also discusses the theoretical rationale
for criterion selection and their expected interactions

within the decision-making environment. Finally, the
fourth subsection presents an in-depth description of the
methodological procedure, including the mathematical
formulations, computational steps, and the grey-system
extensions integrated into the traditional AHP structure
to address uncertainty and incomplete information.

3.1 Stakeholder analysis

Various techniques exist to jointly involve the groups in
the MCDM process. Each stakeholder has a weight in
the decision-making process where their benefits, losses,
opportunities, and risks are evaluated [25]. Multi-actor
MCDM methods generally evaluate each stakeholder’s
role taking various criteria into account [23]. The evalu-
ation process is almost the same with the classic MCDM
process with two extra steps, i.e., determining the stake-
holders and the stakeholders’ weights.

The stakeholders are determined and examined
through the knowledge presented in the literature review,
where manufacturers, operators, legislators, and users
are included in this research. Moreover, the stakeholders
are weighted to reflect their importance in the decision-
making process, so that the maximum utility is achieved
from the process.
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3.2 Problem definition

The aim of this study is to analyze different stakehold-
ers’ perspectives while adopting AVs since the adoption
process is going to have a strong impact on everyday life
[21]. However, the stakeholders’ acceptability of AVs can
be varied depending on the expected benefits. Therefore,
several objectives and criteria are taken into consider-
ation according to the stakeholders’ expectations.

3.3 Objectives and criteria

The objectives and criteria for the evaluation are deter-
mined based on the literature review and expert opin-
ions. The details of the chosen objectives and criteria of
the stakeholders are given in Table 2. The table demon-
strates the hierarchical structure of the AV acceptance
by different stakeholders. The grey AHP calculations are
realized according to this hierarchical structure where
each stakeholder makes pairwise comparisons (PCs) for
their own criteria sets. After filtering out the invalid or
unusable entries, the total number of PC sets conducted
across the four stakeholder groups (users, legislators,
operators, and manufacturers) amounts to 30, 6, 8, and
6, respectively. The stakeholders use the linguistic scales
demonstrated in Table 3 while doing the PCs. During
the calculation process, the stakeholders are weighted
according to their importance, preference, and needs.
The details of weighting the stakeholders’ evaluation
while aggregating their PC matrices are provided in the
following sub-section.

3.4 The proposed grey AHP method

AHP [41], one of the most widely accepted and exten-
sively applied MCDM methods, is typically employed due
to its ability to incorporate PCs among different criteria
or alternatives. Despite its widespread use, the classical
AHP framework relies on crisp numerical judgments,
which may not adequately capture the nuances, uncer-
tainties, and inherent subjectivity embedded in human
evaluators’ assessments, particularly in group decision-
making contexts. The reliance on precise numerical
inputs and traditional mathematical operations limits

Table 3 Linguistic scales and their grey number representations
for the grey AHP

Linguistic scale Crisp value Grey number
Extremely Low Important (ELI) 1/9 [0.111,0.125]
Very Low Important (VLI) 1/7 [0.125,0.167]
Low Important (LI) 1/5 [1.167,0.250]
Slightly Less Important (SSI) 1/3 [0.250,0.500]
Equally Important (El) 1 [1,2]
Slightly More Important (SI) 3 (2,4]
Slightly High Importance (SHI) 5 [4,6]
Very High Importance (VHI) 7 (6,8]
Extremely High Importance (EHI) 9 (8,9]
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the capacity of classical AHP to model the variability and
ambiguity present in expert opinions [14].

To address the limitations and to more accurately
reflect the diversity of individual judgments, the current
study adopts the grey AHP approach [36]. Grey AHP
extends the classical AHP by integrating grey system
theory, enabling the representation of evaluators’ opin-
ions through interval-based grey numbers rather than
deterministic values. This enhancement allows for a more
realistic and flexible modeling of uncertainty, thereby
improving the robustness and reliability of the overall
decision-making process.

Within this research framework, grey AHP is utilized
to evaluate and rank the criteria associated with AV
implementation from the perspectives of diverse stake-
holder groups. The methodological flowchart outlining
the proposed grey AHP-based evaluation procedure,
including the steps for constructing grey pairwise com-
parison matrices, deriving grey weights, and synthesizing
the final rankings, is presented in Fig. 1. This structured
process provides a systematic foundation for capturing
stakeholder variability while ensuring methodological
rigor in the assessment and prioritization of criteria.

A step-by-step calculation procedure of grey AHP is
provided below for the evaluation of AVs.

Step 1 Determining the problem In this step the problem,
the objectives, the criteria, the sub-criteria, and the alter-
natives are defined and scales are determined for the cal-
culations. Additionally, the hierarchical structure of the
problem is constructed in this step, too.

Step 2 Determining the scales and obtaining the PCs For
the evaluation of AVs, both PCs and grey scale versions
obtained from these PCs, are employed at different stages
of the analysis to capture the complexity and uncertainty
inherent in expert judgments. In this step, the PCs corre-
sponding to the predefined objectives and criteria, as pre-
sented in Table 2, are conducted by utilizing the numerical
scales outlined in Table 3. These scales enable evaluators
to express the relative importance of each criterion in a
structured and consistent manner. Subsequently, these
evaluations are converted into their corresponding grey
numbers, ensuring that the uncertainty and variabil-
ity in expert judgments are formally represented within
the model. Once transformed, the grey-valued data are
incorporated into the subsequent analytical procedures,
allowing the next steps of the methodology to operate on
interval-based grey representations rather than determin-
istic values. This conversion process enhances the analyti-
cal rigor of the study by enabling a more comprehensive
treatment of ambiguity and supporting more robust deci-
sion outcomes.



Celikbilek et al. European Transport Research Review (2026) 18:17

Page 8 of 19

stakeholders’ viewpoints.

eDetermining the problem: Ranking the criteria of AV implementation from different

eDetermining the scales and obtaining the PCs: Collecting the PC matrices done by four
different stakeholder groups considering the scales in Table 3.

- - : : A
*Grouping the PC matrices of the stakeholders: Grouping the PC matrices collected from
the stakeholders to start the calculations.

J

criteria.

eNormalizing the grey numbers: Normalizing all of the grey numbers according to the

rankings.

eCalculating the grey priority vectors: Calculating the priority vectors to find the

they can be whitened for exact results.

*Whitening the grey results: Ranking and evaluations can be done by grey numbers or

€<E€KCCE€«

Fig. 1 Flowchart of the methodology for ranking the criteria of the AV implementation

Step 3 Grouping the PC matrices of the stakeholders ©A®
in Eq. (1) is the PC matrix of a decision-makerd € D, and
®Ais the aggregated PC matrix of the evaluators. Each ele-

170 “ij

ment of the matrix, expressed as ®a§lj = |fld ad ] , refers

to the grey-valued pairwise comparison between criteria i
and j, capturing the lower and upper bounds of the evalu-
ator’s judgment interval. This representation enables the
model to incorporate uncertainty and variability inherent
in human decision-making processes.

wai;  af, wai,

Qag;  Ragy ®ag
®Al = L (1)

: : Xa;; :

@ad,  ©al, - ®ag,

ot — ! 11 )
al; = = |=,—

ij ®a?i a;,li a?i 2)

For the aggregation of individual PC matrices done by the
evaluators into a collective assessment, the weighted geo-
metric mean method [6, 28], given in Eq. (3), is applied.
This approach is widely recognized for its suitability in
combining ratio-scale judgments and for preserving the
multiplicative structure of pairwise comparisons. In con-
trast, for other evaluation matrices constructed using
grey numbers derived from percentage-based assess-
ments, the weighted arithmetic mean is adopted. The use
of the arithmetic mean in these cases is necessitated by
the presence of zero values within the data, which would
otherwise render the geometric aggregation method

mathematically inappropriate. Together, these aggre-
gation strategies ensure consistency while adequately
addressing the characteristics of the different types of
evaluation inputs used throughout the analysis.

(3)

(4)

Step 4 Normalizing the grey numbers The normalization of
the grey numbers corresponding to each criterion is per-
formed by applying Eqgs. (5-6), both of which are adapted
from the methodological formulations proposed by Wu
and Lee [51]. Equation (5) is for the lower bounds of the
grey numbers and Eq. (6) is for the upper bounds of the
grey numbers. These normalization procedures are essen-
tial for transforming the interval-based grey evaluations
into a comparable scale among all criteria set, thereby
ensuring consistency across criteria that may originally
possess differing ranges or measurement characteristics.
By standardizing the lower and upper bounds of each grey
number, the process facilitates a coherent integration of
all criteria into the subsequent steps of the grey AHP anal-
ysis. This step not only preserves the intrinsic uncertainty
represented by the grey intervals but also enhances ana-
lytical rigor by enabling meaningful synthesis and com-
parison across the full set of evaluation metrics.
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Step 5 Calculating the grey priority vectors This step fol-
lows a procedure analogous to that of the traditional AHP
framework. Specifically, the priority value of each crite-
rion is obtained by calculating the average of the corre-
sponding row in the grey pairwise comparison matrix.
This computation yields the components of the priority
vector, denoted as @ PV = [®pv,],,,.,, where each ®pv;
represents the grey priority weight associated with crite-
rion i.

The mathematical formulation used for deriving these
priorities is presented in Eq. (7), in which C refers to the
total number of criteria. Through this averaging proce-
dure, the method synthesizes the interval-based com-
parative judgments into a coherent set of grey priority
values. These values reflect the relative importance of
the criteria while preserving the uncertainty captured by
the grey numbers, thereby ensuring consistency with the
underlying principles of grey system theory and the over-
all structure of the grey AHP approach.

c

C L Ra; .
Step 6 Whitening the grey results The results of the ana-
lytical procedure may initially be expressed in the form
of grey numbers, which effectively capture uncertainty
and the range of possible judgments. Although such
interval-based representations are valuable for reflecting
ambiguity in expert evaluations, certain decision-making
contexts require more definitive, crisp numerical results
to facilitate clear comparisons and actionable interpreta-
tions. For this reason, a whitening process is applied to
convert the grey priority vector into a crisp priority vector.

Repeating the normalization steps for the grey priority
vector, it is whitened by applying Eqs. (8-9), as proposed
by Wu and Lee [51]. Through this whitening procedure,
the interval-valued grey priorities are systematically
mapped to single-valued crisp weights, resulting in the
priority vector P = [p;],,. ;. This vector provides precise
numerical importance values for each criterion, enabling
a more straightforward interpretation of the results and
supporting subsequent steps of decision analysis that rely
on deterministic inputs.
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Table 4 The stakeholders’ priority weight results
Stakeholder Grey results Crisp results Ranking
Users [0.469,1.000] 0.5702 1
Legislators [0.277,0.679] 0.3445 2
Operators [0.013,0.100] 0.0486 3
Manufacturers [0.000,0.058] 0.0367 4

Table 5 A PC matrix example for optimizing the travel time
objective

Criterion C1 2 c3 C4
Reducing in-vehicle travel time 1 El VL L SS
Increased multitasking on board c2 VHI El Sl SHI
No parking time c3 SHI SSI El SI
Acceptable waiting time c4 SI LI SSI El

®a; (1 - ®ai> + ®a; ® a;

Y, = (8)

1 — ®a; + ®a;

p; =min®a; +Y; (Inax ®a; —min ® ai> 9)
1 3 1

4 Results

4.1 The stakeholders’ ranking

In this section, the evaluation of the different stakehold-
ers’ perspectives while adopting AVs is realized by apply-
ing the grey AHP method. Considering all stakeholders,
in total 50 experts of transportation systems and tech-
nology evaluated the survey. The evaluators represent
research institutions, governmental institutions, vehicle
manufacturers, operators, and users. For AHP-type sur-
veys, smaller samples can be trustworthy, which means
that a pattern with 20 respondents could be a sufficient
number to evaluate MCDM problems [1]. According to
the evaluators’ responses about the priority among the
stakeholders, the users have the highest weight in the
decision-making process with 57%, the legislators have
the second highest weight with 34%, while the operators
have 5%, and the manufacturers have 4%. These results
show that the users and the legislators have a key role in
adopting the new transport mode (Table 4).

4.2 Analysis of the users

According to Table 2, the “Optimizing the travel time”
objective has the highest number of criteria for the users
with four criteria. As an example, the PC matrix of the
evaluators regarding the travel time is shown in Table 5,
representing a sample matrix constructed by a single
evaluator and is provided solely for illustrative purposes.
Given the dimensionality of the PC matrices and a sig-
nificant number of evaluations—reaching into the hun-
dreds—it is neither practical nor feasible to present all
individual PC matrices within this manuscript. Therefore,
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in the subsequent sections, individual PC matrices are
not reported separately; instead, the aggregated com-
parison results derived from these matrices are presented
and used as the basis for analysis and interpretation of
the findings.

After obtaining the PCs from the evaluators, like the
PC of one evaluator in Table 5, the PC matrices of all
evaluators are aggregated, and the normalized PC matrix
with grey numbers is calculated for optimizing the travel
time objective as demonstrated in Table 6.

After the PC matrices are collected from the users and
the calculations are completed, the results presented in
Table 7; Fig. 2 are obtained. For example, the results for
the “Optimizing the travel time” objective are calculated
by using the normalized PC matrix provided in Table 6.
The columns for the rankings are built from highest to
lowest, from the most important to the least important.
The third column is for ranking the objectives, the sev-
enth column is for ranking the criteria in each objective,
and the last column is for ranking all criteria together.

According to the results, “Optimizing the travel time”
is the most important objective, and “Increasing the
travel safety” is the second most crucial objective, while
“Increasing the perceived comfort when traveling’, “Min-
imizing the travel cost’, “Respecting user rights” and
“Ease of use” are less important objectives for the users.
This priority indicates that the users are interested in
quick and safe transportation when using AVs and pay
less attention to other issues. Since the “Minimizing the
travel cost” objective receives the fourth position in the
ranking, the results show that the users’ willingness to
pay can be higher compared to other transport modes.
Additionally, it is noted that the technical issues con-
nected to handling the vehicle are not in the focus of this
group possibly due to their technological readiness (using
smart devices already). Some user rights might be sac-
rificed to access fast and safe mobility according to the
users’ scoring.

When evaluating the criteria, the “Reducing in-vehicle
travel time” criterion is the most important with a weight
of 0.8072 for the “Optimizing the travel time” objective,
and it is the most crucial criterion among all the criteria
for the users. The “Reduction in the fuel consumption”
criterion is the most important with the weight of 0.9266

Table 6 Aggregated normalized PC matrix with grey numbers

Criterion ci c2 c c4
Reducing in-vehicle C1 [0434, [1.407, [0.924, [0.832,
travel time 0.542] 2452] 1.843] 1.654]
Increased multitasking C2 [0.025, [0.115, [0.070, [0.079,
on board 0.050] 0.164] 0.173]1 0.188]
No parking time C3 [0.040, [0.130, [0.137, [0.075,
0.099] 0.346] 0.210] 0.208]
Acceptable waiting time  C4  [0.053, [0.141, [0.163, [0.161,
0.125] 0.351] 0.440] 0.240]
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for the “Minimizing the travel cost” objective, and it is
the second most crucial criterion among all criteria for
the users. This is a very strong indication that the users
have a concern for high fuel price and consider AVs as a
possible solution for reducing fuel consumption either by
substituting gasoline with electricity (i.e., AVs are often
connected with electric vehicles) [40] or by optimizing
the routes and driving style. All other cost issues have
insignificant importance with overall low positions in the
total set of criteria. The “Reliability of travel time” crite-
rion with a weight of 0.7690 is the most important for the
“Increasing the perceived comfort when traveling” objec-
tive. For the “Respecting user rights” objective, the “Data
privacy” criterion is the most crucial with the weight of
0.6633. Moreover, with the weight of 0.7711, the “Reduc-
tion in vehicle accidents caused by the malfunction of
PSAV” criterion is the most important for the “Increas-
ing the travel safety” objective. Additionally, it is the third
most crucial criterion among all the criteria for users.
Finally, the “Accessibility” criterion is the most important
with the weight of 0.8718 for the “Ease of use” objective.

When checking the results in detail, the sensitiv-
ity among some of the objectives starts from the third
digit after the dot. Thus, it can be said that the ranking
of the first and second most important objectives can be
changed according to the different situations or evalu-
ators. Especially, if the grey numbers are considered,
it is worth noting that there is no significant difference
between the results of the two objectives.

Furthermore, Table 7 demonstrates the sophistication
characteristic of the grey methodology compared to the
traditional AHP. In the two final rankings, the maximum
deviation is three positions, which indicates a precise
calculation considering the evaluators’ insecure scoring,
which is more relevant in the user group. There is merely
one exception, the “Reduction in the in-vehicle travel
time” objective gains the first position in the grey AHP
while it is ranked merely eighth in the traditional AHP. It
is worth noting that this objective has the highest score
in its branch (U1) in both cases, the reason for the dif-
ference is the smaller weight score of the total branch.
The key role of the grey AHP calculation is emphasized
because it sheds light on the users’ time consideration.
However, the traditional AHP is not capable of consid-
ering this perspective, merely safety and accessibility are
highly ranked in that case.

The results illustrated in Fig. 2 are derived from the
criteria listed under the objectives in the sixth column of
Table 7. By jointly evaluating the rankings of these crite-
ria sets, the analysis provides an integrated assessment
that enables clear visual comparison of criteria impor-
tance across objectives, thereby enhancing the interpret-
ability of inter-objective priority relationships.
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4.3 Analysis of the legislators

After the PC matrices from the legislators are collected
and the calculations are conducted, the results demon-
strated in Tables 8 and Fig. 3 are obtained. According to
the results, “Increasing the GDP” is the most important,
and “Protecting the environment” is the second most
important objective, while “Decreasing the expenditures
on infrastructure maintenance’, “Minimizing the money
spent on the health sector’, “Increasing social welfare’,
“Defining responsibilities among the actors’, “Ensur-
ing users’ data privacy and system security’, and “Assur-
ing interoperability across borders” are less important
objectives for the legislators. The priority shows that this
decision-maker group connects the expected improved
< mobility with the boosted economy directly and sees the
advantages of AVs. Environmental aspects are related to
different fuel types or optimized driving, which reflects
the users’ aspects, as well. Interestingly, the criteria
related to these two objectives could not reach high posi-
tions (e.g., for “Increasing the GDP” merely 7th or worse,
and for "Protecting the environment” 5th or worse),
which means that they are appreciated when consider-
ing the big picture but owing to the specific issues, other
advantages gain higher attention.

When evaluating the criteria, the “Reduction in dam-
ages caused by traffic accidents” criterion is the most
important with the weight of 0.7753 for the “Decreasing
the expenditures on infrastructure maintenance” objec-
tive. Among all criteria for the legislators, this objective
is the second most important. Similarly to the case of the
users, safety is considered as a main issue. Another evi-
dence is that with the weight of 0.7890, the “Increased
vehicle and passenger safety” criterion is the most impor-
tant for the “Minimizing the money spent on the health
sector” objective, and it is also important when consid-
ering all criteria for the legislators. Even though elderly
people’s mobility gains a very low place in the ranking,
this is due to the dominance of the safety issue since
they are evaluated in the same branch of the structure.
It is emphasized that because of their reduced ability to
drive and move, this age group could be a target group
of AV transportation, especially in case of L4 and L5 lev-
els. However, safety issues are so strong that in recent
situations, they have primacy over the age-segmented
opportunities. The “Reduction in emissions” criterion
is the most important with the weight of 0.6609 for the
“Protecting the environment” objective. For “Assuring
interoperability across borders” objective, the “Harmoni-
zation of laws” criterion is the most important with the
weight of 0.7859, and it is the third most crucial criterion
among all criteria for the legislators.

When the grey AHP and traditional AHP rankings are
compared, it can be stated that the positions are similar
5 S S 5 505 with a slightly more deviation than in case of the user
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0.1666
0.1561
0.2649
0.5929
0.2138
0.1932
0.2472
0.2379
05149
0.4885
05115
0.5815
04185
0.2992
0.7008

Final Rank.

15
13

1
14
16
12
10

R
1
4
3
2
1
2
3
2
3
1
1
2
1
2
2
1

Crisp Weight

0.8072
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Table 7 The weights of the objectives and criteria with their rankings for the users

Obj.
1
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Reduction in the insurance
Increasing multitasking onboard
Reduction in the vehicle maintenance
No parking time

Availability of ICT Tools onboard
Acceptable waiting time

No driving license

Information and guidance

70.0033
7770.0082
70.0084
T0.0114
7770.0157
00161
T 0.0200
10.0215

Reduction in accidents caused by regular cars with PSAV

10.0418

Cybersecurity

10.0527

Data privacy

10.1037

Reliability of travel time

10.1237

Accessibility

10.1360

Reduction in a vehicle accident caused by malfunction of PSAV

10.1409

Reduction in the fuel consumption
Reducingin-vehicle travel time

0.1470
011496
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Fig. 2 The rankings of the final weights of the criteria for the users

group. The “Creation of new carrier opportunities” cri-
terion has the top ranking in the conventional method-
ology, which is peculiar if the three other stakeholder
groups’ preferences are considered. The grey AHP priori-
tizes the safety issue, which is much more coherent with
all other evaluator groups. Thus, it can be stated that uti-
lizing grey sets helps in creating a more integrated and
more consensual overall priority ranking of the objectives
and criteria of AV thus reflecting all stakeholders’ whole
view on the industry.

Similar to the results reported for the user group, the
results presented in Fig. 3 are generated based on the
criteria listed under the objectives in the sixth column
of Table 8. This visualization enables the simultaneous
evaluation of all 23 criteria distributed across different
objectives in Table 8, allowing their relative importance
to be observed more clearly in a unified graphical repre-
sentation. Such visualizations are particularly valuable in
decision-making problems involving large and complex
criterion sets, as they significantly enhance interpretabil-
ity and facilitate a more intuitive comparison of criterion
priorities.

4.4 Analysis of the operators

After the PC matrices from the operators are collected
and the calculations are conducted, the results shown in
Table 9; Fig. 4 are obtained. According to the outcomes,
“Increasing the revenues” is the most important objec-
tive, while “Multimodal integration” and “Increasing the
efficiency of the transportation system” are less crucial
objectives for the operators. This is an expected result
since the representatives of this group are dedicated to
generating profit from the operations. However, the cri-
teria ranking shows some interesting preferences.

When evaluating the criteria, the “Optimized supply”
criterion is the most important with the weight of 0.6372
for the “Increasing the revenues” objective. Addition-
ally, it is the most important among all criteria for the

operators. Within this group of criteria, the other two
competitors related to less accidents and better infra-
structure utilization performed high. This phenomenon
can be explained by the operators’ awareness of the
optimization possibilities of automated traffic and the
profitability, which can be reached through that. For the
“Multimodal integration” objective, the “Connectivity
with other modes” criterion is the most important with
the weight of 0.6057. This criterion is the second most
important among all criteria for the operators. This is a
very strong position indicating that operators consider
transportation networks. Finally, the “Clear regulatory
rules” criterion is the most important for the “Increasing
the efficiency of the transportation system” objective.

Owing to the comparison of grey and conventional
AHP models, in this group, the robustness is even more
detected than in case of the users. The maximum devia-
tion in positions is merely one place, and most of the
rankings are identical. Thus, for the legislator group, the
grey sets contribute to the more precise ranking by con-
sidering the uncertainty of the evaluator scoring.

The visualization presented in Fig. 4 is constructed
based on the results of the eight criteria listed in the sixth
column of Table 9, where the comparisons discussed
thus far can be observed more clearly. Given that the
total number of criteria is relatively small, the results can
also be readily and accurately interpreted directly from
the table without the need for graphical representation.
Figure 4 is provided to maintain consistency with the
preceding analyses and to offer an intuitive visual con-
firmation of the comparative relationships among the
criteria.

4.5 Analysis of the manufacturers

After the PC matrices from the operators are collected
and the calculations are completed, the outcomes pre-
sented in Table 10; Fig. 5 are obtained. According to the
results, “Increasing the users’ trust” is the most important
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Efficient use of fuel 77 0.0032
Passive health monitoring 7770.0041
Data ownership T 0.0065
Land use development T 0.0083
Increasing mobility T 0.0097

Efficient use of land use
Polices to prevent technology monopoly
Mobility for elderly people

10.0117
10.0138
0.0220

Technical standard

10.0265

Reduction in noise

10.0271

Increasing the efficiency of the existing road network

10.0291

Fairness and transparency

10.0329

The accountability and liability of accidents caused by other vehicles

10.0337

Creating new career opportunities

10.0502

Increasing accessibility

10.0558

Data privacy

10.0572

Cybersecurity

10.0603

The accountability and liability of malfunction
Reduction in the emissions -

10.0765
70.0820

Creating new career opportunities

10.0011

Reduct+C1:C23ion in the damages caused by traffic accidents

10.0961

Harmonization of laws

10.0975

Increased vehicle and passenger safety

0.00 0.01

Fig. 3 The rankings of the final weights of the criteria for the legislators

objective, while “Maximizing the revenues” and “Provid-
ing user benefits” are less crucial objectives for the manu-
facturers. The results show that the representatives of
this group are clearly aware of the public needs for the
safety of autonomous driving, especially in case of the L4
and L5 levels. It is worth noting that the scores of trust
in safety are even higher than the revenue maximization,
which means that this group considers trust as a precon-
dition of increasing the revenues from sales.

In the criteria ranking, other evidence for this state-
ment can be seen. The “Minimized travel cost” crite-
rion is the most important with a weight of 0.7009 for
the “Providing user benefits” objective. Moreover, it is
the third most crucial criterion among all criteria for
the manufacturers. For the “Increasing the users’ trust”
objective, the “Increase in safety” criterion with a weight
of 0.9481 is the most important, and it is the most impor-
tant criterion among all criteria for the manufacturers.
With the weight of 0.8433, the “Increased reliability of
the vehicles” criterion is the most crucial for the “Maxi-
mizing the revenues” objective, and it is the second most
important criterion when considering all criteria for the
manufacturers.

It has to be highlighted that the easy usage is rather
low ranked by the manufacturers, which might be unex-
pected without knowing that the users evaluate this cri-
terion low, as well. This indicates a clear industrial image
on the users’ needs. The explanation could be the wide-
spread smart device utilization as well as the application
of artificial intelligence by several potential AV users and

10.0978

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

the proper sight of the manufacturing companies on this
social phenomenon.

In case of the manufacturers, the robustness is vis-
ible. Merely two positions are the maximum deviation
between the grey and traditional AHP models even if
there are 11 criteria and not solely eight as in case of the
legislator cluster. The first and second positions are the
same. However, in the third place, “Cybersecurity” can
be found in the AHP model, and the “Minimized travel
cost” criterion is indicated in the grey AHP. The grey sets
help reflect the user needs on reduced fuel consumption,
which has already been clarified in that cluster, while the
traditional AHP mitigates this need.

As clearly illustrated in Fig. 5, which is derived from the
results of the eleven criteria reported in the sixth column
of Table 10, the criterion “Increase in Safety emerges as
overwhelmingly dominant from the manufacturers’ per-
spective’, with an importance weight of 71.02%. This
value is markedly higher than those of the remaining
criteria, indicating a substantial prioritization gap. The
second-ranked criterion, “Increased Reliability of the
Vehicles’, follows with an importance weight of 11.71%;
however, the difference in relative importance between
these two criteria remains considerable.

The percentage weights presented in Fig. 5 are calcu-
lated by multiplying the objective-level weights obtained
via the grey AHP method (reported in the second col-
umn of Table 10) with the corresponding local weights of
the criteria under each objective (reported in the eighth
column of Table 10). This aggregation procedure ensures
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F.R.

that the visualized results accurately reflect both the hier-
archical structure of the decision model and the uncer-
tainty-aware weighting mechanism inherent in the grey
AHP approach.
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5 Discussion

5.1 Stakeholder analysis

Understanding the relative influence of different stake-
holder groups is essential for the successful implemen-
tation of AVs. Each stakeholder plays a distinct role in
shaping the adoption process, yet their priorities and
decision-making power vary significantly. In this section,
the overall ranking of stakeholders is analyzed, providing
insights into the broader dynamics of AV adoption. This
approach allows for a comprehensive evaluation of the
macro-level stakeholder hierarchy that shapes individual
perspectives within the AV ecosystem.

With the highest weight (0.5702), users emerge as the
dominant stakeholder group in AV implementation. This
outcome is expected, as the widespread adoption of AV
technology is ultimately dependent on user acceptance,
trust, and willingness to integrate these vehicles into daily
life. Users’ concerns about the different consequences
and benefits of AV play a decisive role in shaping the reg-
ulatory and technological development of AVs.

Legislators rank second (0.3445), highlighting the sig-
nificant role of government bodies and policymakers in
~~~~~~~~ shaping AV adoption. Regulatory frameworks influence
the pace of technological integration by defining safety
standards, liability regulations, data privacy policies, and
SEESASIS NS IS ES AN =] infrastructure readiness. The considerably high weight of
legislators suggests that despite technological advance-
ments, legal and ethical considerations remain major
challenges for AV adoption. Strict policies on road safety,
accident accountability, and cybersecurity can facilitate
the development of AV technology, depending on how
effectively they address public and industry concerns.

Operators rank third with a relatively low weight of
0.0486. While these stakeholders are essential in defin-
ing business models for AV deployment, their influ-
ence appears limited compared to users and legislators.
This could be because operators’ decisions are largely
dependent on regulatory approvals and public accep-
tance. Manufacturers, despite being the primary devel-
opers of AV technology, rank the lowest (0.0367). This
result indicates that technological advancements alone
are insufficient for AV adoption unless they align with
user expectations and regulatory requirements. While
manufacturers drive innovation, their ability to influence
AV deployment is constrained by external factors, such
as policy restrictions, public trust, and market demand.
This finding suggests that successful AV implementation
requires collaborative effort, where manufacturers work
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Table 9 The weights of the objectives and the criteria with their rankings for the operators
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Increasing the mobility 77 0.0186
Increasing the accessibility = T 0.0739
Efficient use of the existing infrastructure 10.0805
Demand management 10.0809
Decreasing the accidents T 0.1222
Clear regulatory rules S 70.1257
Connectivity with other modes 10.1420

Optimized supply

0.3561

0.00 0.04 008 0.12 0.16 0.20 0.24 0.28 0.32 0.36

Fig. 4 The rankings of the final weights of the criteria for the operators

closely with regulators, users, and service operators to
develop solutions that align with societal needs.

The ranking highlights the need for a user-centric
approach to AV adoption, ensuring that technological
advancements address public concerns and safety expec-
tations. Legislators must also play a proactive role in
creating balanced regulations that facilitate innovation
while ensuring public safety. Additionally, collaborations
between operators, manufacturers, and policymakers are
essential for addressing practical deployment challenges.

5.2 Findings and recommendations

The findings provide a nuanced understanding of AV
implementation by explicitly demonstrating how dif-
ferent stakeholder groups prioritize evaluation crite-
ria in distinct ways, while also identifying those criteria
that emerge as universally influential across stakeholder
perspectives. Through the application of the grey AHP
framework, instead of classical AHP, the analysis cap-
tures these variations without being overly constrained
by subjective or individual judgment biases, thereby
offering a more flexible and robust aggregation of stake-
holder preferences under uncertainty. The results indi-
cate that safety consistently ranks as the most influential
criterion across all stakeholder groups, underscoring its
central role in shaping user trust, regulatory acceptance,
and overall societal readiness for AV deployment [35].
This convergence highlights safety as a non-negotiable
foundation for AV adoption, irrespective of stakeholder
role or interest.

At the same time, the prioritization of secondary crite-
ria varies meaningfully across groups. From the user per-
spective, minimizing travel time and fuel consumption
emerge as key determinants of perceived value, directly
influencing adoption willingness and affordability-related
policy considerations. In contrast, revenue-oriented
stakeholders place greater emphasis on vehicle reliabil-
ity, reflecting the critical role of consistent operational
performance in sustaining profitability and long-term
market viability. By accommodating such heterogeneous
priorities, the grey AHP-based model enables a more
realistic representation of stakeholder-driven deci-
sion dynamics. Overall, these results demonstrate that

the proposed methodology not only identifies shared
strategic priorities but also effectively differentiates
stakeholder-specific concerns, thereby supporting the
development of balanced, transparent, and policy-rele-
vant decision-support outcomes for AV implementation.

Based on the findings, several recommendations can be
made for stakeholders of the industry:

+ Users should be educated to mitigate fears and
prejudices surrounding driverless vehicles, which
would enhance public acceptance.

+ Legislators should focus on law harmonization
concerning accidents and responsibility in AV traffic,
while working to ensure that regulations are clear
and fair.

+ Operators are encouraged to optimize the running of
AVs with special attention to connectivity with other
transport modes, ensuring a seamless transportation
network.

+ Manufacturers should prioritize safety and reliability
in the development of AVs to foster consumer
confidence.

Finally, the research questions raised in the Introduction
section can be responded to as follows.

R1: The presented grey AHP model can be consid-
ered as a superior method compared to the traditional
AHP because of taking into account the ambiguity of
responses. Even though the local rankings of the crite-
ria are similar, due to the impact of slight differences on
the final preference scores, the global ranking is substan-
tially different. The most important alteration is within
the Users group, for the criterion of ‘Reducing in-vehicle
travel time’ and its exceptional importance, which could
not be indicated by the original method.

R2: The outcome of the stakeholder-wise evalua-
tion has become more understandable by the proposed
method for all four groups. It is interesting that Manufac-
turers do not consider the ease-of-use issue significant,
but the prioritization of safety-related criteria completes
the expectations.

R3: The recommendations can be found in the bullet-
point part of this sub-section.
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Table 10 The weights of the objectives and the criteria with their rankings for the manufacturers

Traditional AHP

Weight
0.1730
04331
0.2955
0.0984
0.6809
0.1580
0.1611
0.1811
0.5588
0.1710
0.0891

Grey AHP

Crit.

Traditional AHP

Weight
0.1915

Grey AHP
Weight
0.1121

Obj.

F.R.

R.

R. Final Ranking

Crisp Weight

0.1360
0.7009
0.1431
0.0200
0.9481
0.0299
0.0220
0.1029
0.8433
0.0422
0.0115

Grey Weight

R.

R.
3

M1C1
M1C2

M1C3

M1C4
M2C1

0.5181

1

0.7491

M2

M2C2

M2C3

2 0.2904 2 M3C1

0.1388

M3

M3C2

M3C3

(2026) 18:17
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5.3 Limitations

Despite its contributions, this study has limitations, such
as the potential specificity of its results to particular
regions or markets, and the need for further refinement
of the methodology by fostering stakeholder consen-
sus. Even though the method and survey design can be
directly applied to other fields, the results can be coun-
try- or market-specific. Thus, possible local characteris-
tics should be considered when extending the results to
other regions or markets. It is also proposed that add-
ing more alternatives and performing additional surveys
could improve the model results. The research empha-
sizes the importance of integrating stakeholder per-
spectives in AV planning, focusing on safety, reliability,
affordability and addressing concerns like data privacy
and cybersecurity to ensure successful AV adoption. The
proposed grey AHP model can be adapted for various
settings and integrated with Al to track evolving stake-
holder priorities.

5.4 Future orientations

The outcome verifies that fostering higher levels of auto-
mation takes general and stakeholder-customized evalu-
ation by transport planners. For stakeholder-specific
preference factors the limitations of financial resources,
time, and technological boundaries require prioritization
from AV decision-makers, which could be supported by
the results of the current paper.

Since the efficient (and sustainable) allocation of AV
development resources is only possible if all relevant
stakeholder groups confirm the development scenario,
in the future the consensus creation will be a crucial ele-
ment. However, considering the nature of the partici-
pant sides, instead of the traditional, negotiation-based
approach, a more objective and unbiased methodol-
ogy will be necessary to reach an acceptable develop-
ment consensus for AV adoption. Overall, a balanced
approach, considering both technological and social fac-
tors, is key to the long-term success of AVs, with future
research exploring consensus-building and societal chal-
lenges for sustainable implementation.

6 Conclusion

This study offers a profound understanding of the vary-
ing priorities and concerns that influence the successful
adoption and deployment of AVs, where it is critical to
address the expectations and requirements of relevant
stakeholders, such as users, legislators, operators, and
manufacturers. Current research uses the grey AHP
method to systematically evaluate and rank the criteria
that the different stakeholders consider important in the
context of AV implementation. The grey AHP model used
in this study provides a balanced view on multiple crite-
ria that must be considered during the implementation
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Increasing the usage of PSAV 10.0016
Ease of use 10.0022
Sufficient supply 10.0059
Innovation and development 70.0143
Optimizing the travel time 70.0152
Increasing the perceived comfort in traveling 70.0160
Cybersecurity 7 0.0165
Data privacy 7 0.0224
Minimizing the travel cost T 0.0786

Increasing reliability of vehicles

10.1171

Increase in safety

0.7102

0.00 0.06 0.12 0.18 0.24 0.30 0.36 0.42 0.48 0.54 0.60 0.66 0.72

Fig. 5 The rankings of the final weights of the criteria for the manufacturers

of AVs. By incorporating various stakeholders’ perspec-
tives, the research ensures that the priorities and trade-
offs are adequately understood, enabling more informed
decision-making. The conclusion emphasizes that while
technological advancements are essential, the successful
deployment of AVs depends on a holistic approach that
considers technological, economic, and social factors.
The insights suggest that future policies should focus
on enhancing safety, ensuring affordability, maintain-
ing vehicle reliability, and carefully balancing innovation
with user trust and acceptance. The findings reveal that
safety is the most crucial criterion among all stakehold-
ers, which significantly influences both acceptance and
trust in AV technology. This emphasis on safety suggests
that advancements in AV technology must prioritize the
reduction of accidents to gain widespread acceptance.
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